A distributed feedback (DFB) laser of 808 nm is produced in this paper whose optical power is 2 W, cavity length is 3 mm, and injecting width is 200 m. A second-order grating formed into an InGaP/GaAs/InGaP multilayer structure provides the optical distributed feedback. The holographic lithography method is adopted to make Bragg gratings in p-waveguide layer (Λ = 240 nm) of the GaAs epitaxial wafers. The best experimental conditions are determined by analyzing the surface morphology and threedimensional holographic grating. In addition, the output power data and wavelength of the distributed feedback laser emitting at different temperatures are presented. And the wavelength varies with temperature at a rate of 0.062 nm/K. Finally, the conclusion is drawn that this kind of DFB laser has a better temperature stabilized wavelength and narrower line width.
Introduction
Semiconductor diode laser emitting at 808 nm wavelength is of particular interest for pumping Nd-and Yb-doped solid state gain media, respectively [1] . The semiconductor diode laser pumps for solid-state lasers have to be automatically temperature controlled to ensure that no appreciable detuning occurs between the center of the pump wavelength and the absorption peak. The stable output characteristics can be acquired by using some wavelength-locked devices or an etalon in the feedback loop of light. By acting as a wavelength-locked device in a vertical-cavity surfaceemitting laser (VCSELS) the volume holographic gratings (VHGS) which are produced outside the laser cavity can keep a narrow spectral response and a small spatial acceptance angle analysis in [2] . But the shortcomings of large size and expensive preparation of VCSELS have confined the scope of applications. Another possibility is the use of an internal Bragg grating produced into the laser cavity. This method can also satisfy the requirements of temperature stabilized wavelength and narrow line width. These kinds of devices are called distributed feedback (DFB) lasers or distributed Bragg reflector (DBR) lasers. Figure 1 shows the differences between DBR lasers and DFB lasers. As is depicted in Figure 1 (a), DBR laser consists of a passive DBR section and an active gain section. The DBR section is produced at the rear side of the cavity. However Fricke et al. [3] tell us that owing to the longitudinal mode requirement DBR laser has a nonlinearity light-current characteristic. A DFB laser is shown in Figure 1(b) ; a Bragg grating is placed in the active gain section or in p-waveguide layer of the epitaxial wafers. The second-order grating acting as a resonant cavity provides both optical distributed feedback and light amplification. In this structure, the wavelength varies with injection current, and the variation is governed by the rate of wavelength that varies with the temperature. DFB lasers with this structure can acquire a linear light-current characteristic in a longitudinal mode.
In the 1970s, Nakemurra made a DFB laser with periodic grating for the first time. In the last century, the development of DFB laser gradually became mature. It is widely used in wavelength division multiplexing (WDM) and dense wavelength division multiplexing (DWDM) communication system. Laser pumping is a large market segment for highpower diode lasers in recent years, and 808 nm is the most widespread pump wavelength. These two reasons lead to a new wave of research about 808 nm DFB semiconductor laser. In the late 2010s and early 2005s, in QPC and Alfalight Inc., 808 nm DFB semiconductor lasers were developed. They reported that the temperature dependence of the spectrum was measured between 0.07 nm/K and 0.08 nm/K. In this paper, a DFB laser operating at 808 nm is presented with the rate of lasting output wavelength along with temperature variation of 0.062 nm/K.
Materials and Methods
The whole preparation of the DFB laser wafer can be divided into three steps: the first epitaxial growth, grating preparation, and the second epitaxial growth. 
Results and Discussion
We produced the epitaxial wafer which was prepared by using the above experimental conditions and technique into a DFB laser. The DFB laser's optical power is 2 W, cavity length is 3 mm, and injecting width is 200 m. The optical power at different heat-sink temperatures is measured utilizing the power detector. Figures 3 and 4 show the scanning electron microscope (SEM) image and the AFM image of the grating. According to the relation
where is the duty cycle, is the slit spacing of grating, and Λ is the period of grating. According to Figure 3 , we can find that = 70.8 nm, Λ = 242.8 nm, and ≈ 0.29; the grating has uniformly distributed stripes, good surface morphology, and excellent coupling characteristics. The depth of the grating is about 20 nm. This is a second-order grating; it can eliminate degenerate modes which the first-order grating generates, output single mode, and improve the characteristics of the light beam. The above data were determined resulting in a coupling coefficient of value of only 1. Figure 5 shows light-current characteristics of the 808 nm DFB laser at different temperatures. The threshold current is 0.52 A and the slope efficiency is 0.67 W/A near threshold at the heat-sink temperature of 25 ∘ C. This efficiency is the result of the coupling coefficient of the Bragg grating. Characteristic temperature can be used to describe the effect of operating characteristics of semiconductor laser on temperature, according to the relation
where is the characteristic temperature, th ( 1 ) is the threshold current at the temperature of 1 , and th ( 2 ) is the threshold current at the temperature of 2 . As discussed by Schultz et al. [4] the larger is, the better temperature characteristics of the device will be. In this paper the characteristic temperature ( ) is 77 K. This DFB laser's characteristic temperature is significantly lower than conventional lasers. Figure 6 shows the optical spectra of the DFB laser in the temperature range of 20 ∘ C∼55 ∘ C. A wavelength spacing of approximately 0.98 nm is observed between the main peaks. The output wavelengths were found to be in the range from 807 nm to 809 nm. Figure 7 shows the wavelength shift of the DFB laser at different heat-sink temperatures. We found that the rate of lasting output wavelength along with temperature variation is 0.062 nm/K. The rate is lower than 0.067 nm/K in [5] . The output wavelength has been locked; the Bragg wavelength and the output spectrum have been narrowed for a wide range of heat-sink temperatures. Without the Bragg gratings, the output wavelength of the laser will be very dependent. So the Bragg gratings are effective to overcome the wavelength shift.
Conclusions
The wavelength of the 808 nm laser was locked by producing the Bragg grating into the InGaP/GaAs/InGaP multilayer structure. Then a laser with single longitudinal mode and narrow injecting width was acquired. For lasers with different wavelengths, the grating period can be changed to achieve wavelength-locking. So this method can be widely used in almost all sorts of lasers and the holographic lithography method can be adopted to make Bragg gratings. There is room for optimization of the uniformity of grating with regard to diffraction efficiency, by considering the trade-offs between locking range, output spectrum, and power efficiency.
